Results of 4 experiments indicate that both within-modality and case-specific visual priming for words are greater when test stimuli are presented initially to the right cerebral hemisphere (RH). In contrast, neither within-modality nor case-specific explicit memory for words is greater when stimuli are presented initially to the RH. Priming is measured using word-stem completion, and explicit memory is measured using word-stem cued recall. In both cases, Ss first rate how much they like words, and then word stems are presented briefly to the RH (in the left visual field) or to the left hemisphere (in the right visual field). Results suggest that at least 2 separate systems encode the visual representations that produce priming. The system that is more effective in the RH is better at representing form-specific information, whereas another system that is not more effective in the RH does not distinguish among distinct instances of word forms.
Reading is one of the most extensively studied topics in cognitive psychology, and research findings have begun to illuminate the nature of the representations and processes used when reading words. Recently, the technique of positron emission tomography (PET) has been used to discover which brain areas are involved in specific phases of the reading process. One discovery from PET studies is that visual representations of word forms (the structure of printed words) apparently reside in a region of the medial extrastriate cortex of the left hemisphere. This area is activated by visual presentation of words and pronounceable nonwords, but not by consonant letter strings or letterlike shapes (Petersen, Fox, Snyder, & Raichle, 1990) . In addition, neither auditory presentation of words nor semantic processing of words activates this area (Petersen, Fox, Posner, Mintun, & Raichle, 1988 . These and related findings support the inference that a distinct wordform system, relatively more effective in the left cerebral hemisphere than the right, encodes the visual structure of words. 1 We hypothesize that a word form system takes as input a visual pattern and performs the computations necessary to yield as output a representation of the word form to which the pattern refers. The system apparently performs these computations by recovering regularities in the structure of words, which allows it also to produce representations of pronounceable nonwords.
In this article, we develop and test the hypothesis that word forms are not represented and processed in a unitary, undifferentiated system. Rather, at least two separate computational systems appear to be used to encode the visual forms of words, one that represents form-specific information and one that represents abstract form information. Form-specific representations preserve specific characteristics of the patterns of lines themselves. Thus, a form-specific system would produce different output representations when a particular word is presented as input in different typographic fonts and letter cases. Abstract representations simply specify the identity of the word or the identity of the letter clusters (such as syllables and bigrams) and how they are arranged. Accordingly, an abstract word form system would produce the same output representation for a word when it is presented in different typographic fonts and letter cases. The experiments reported in this article were designed to investigate whether these two types of representations are computed in distinct brain systems, with the system that encodes form-specific representations being relatively more effective in the right cerebral hemisphere.
The following line of reasoning led us to hypothesize that two distinct systems may be used to represent word forms: When one reads a word, the goal is usually to access its semantic content. Extracting the meaning does not depend on the particular font or typeface of the letters, except when capitalized or italicized letters signal something special about the word. If so, then a word form system should produce a single output for each word, regardless of the way in which it is written. This procedure would allow one to read a word even when it is presented in a previously unseen font. Because these computations require generalization over visual form information (and not, for instance, semantic information), such computations must take place within a system that encodes visual forms per se. It is likely that an abstract word form system would perform such generalizations very efficiently, given that it must represent visual forms in a manner that abstracts away from visual details. Other theorists also have argued for the existence of abstract representations of word forms (e.g., see Adams, 1979; Besner, Coltheart, & Davelaar, 1984; Besner & McCann, 1987; Carr & Brown, 1990; Carr, Brown, & Charalambous, 1989; Carr & Pollatsek, 1985; Coltheart, 1981; Evett& Humphries, 1981; McClelland & Mozer, 1986; Morton, 1969 Morton, , 1979 Paap, Newsome, McDonald, & Schvaneveldt, 1982; Paap, Newsome, & Noel, 1984; Rayner, McConkie, & Zola, 1980) .
In contrast, a brain system must also be available to encode specific visual word forms. This hypothesis seems reasonable if only because one can recognize a particular person's handwriting as well as particular examples of fonts. Indeed, one can visualize very specific word form information (e.g., try imaging The New York Times as it appears on the front page of that newspaper). If so, then form-specific visual representations of words must exist. Other theorists also have argued that word forms must be processed or represented in a highly specific manner (e.g., see Jacoby & Brooks, 1984; Jacoby & Hayman, 1987; Kirsner & Dunn, 1986; Kirsner, Dunn, & Standen, 1987; Kolers&Roediger, 1984; Roediger&Blaxton, 1987; Whittlesea, 1990; Whittlesea & Brooks, 1988) .
One might be tempted to argue that these two kinds of word form information can be encoded in a single system. Logically, however, abstract and form-specific representations seem likely to be computed by separate systems. On the one hand, a system that computes abstract representations of word forms must provide a single output for different instances of the same word. On the other hand, a system that computes form-specific representations of words must produce a different output for each distinct instance of a word. These two goals are incompatible, which suggests that separate systems would perform the computations more efficiently than one system (cf. Kosslyn, Chabris, Marsolek, & Koenig, in press; Kosslyn & Koenig, 1992; Rueckl, Cave, & Kosslyn, 1989) .
We investigated this hypothesis by taking advantage of previous findings about cerebral laterality. Although it has long been known that the left hemisphere plays a special role in language and in verbal processing, there is evidence that visual representations of verbal material can be perceived and retained better in the right hemisphere than in the left. Some of this evidence comes from divided-visual-field studies, in which stimuli are presented to subjects briefly in their left or right visual fields to ensure that visual input reaches one hemisphere before crossing brain commissures to reach the other hemisphere (e.g., Chiarello, 1985; Gibson, Dimond, & Gazzaniga, 1972; Hellige, 1980; Pirozzolo & Rayner, 1977) . Other evidence comes from studies of brain-damaged patients (e.g., Coltheart, 1980 [but see also Baynes, 1990; Coltheart, 1985; Patterson & Besner, 1984] ; Dennis, 1980; Levy & Trevarthen, 1977; Zaidel, 1978) . In addition, there is evidence that specific properties of many kinds of nonverbal visual input are processed better in the right hemisphere than in the left (Bradshaw & Nettleton, 1983; Bryden, 1982 ; for a rationale for this hemispheric specialization, see Kosslyn, 1987; Kosslyn & Koenig, 1992) .
At least two divided-visual-field studies suggest that even verbal material can be perceived in a form-specific manner in the right hemisphere. In one study, subjects made physical matches between two letters (e.g., "AA") faster when the stimuli were presented to the right hemisphere, whereas they decided more quickly whether physically different letter pairs had the same name (e.g., "Aa") when the stimuli were presented to the left hemisphere (Geffen, Bradshaw, & Nettleton, 1972) .
2 In another study, subjects identified scriptlike letters more accurately when the stimuli were presented to the right hemisphere, whereas they identified sans-serif block letters more accurately when the stimuli were presented to the left hemisphere (Bryden & Allard, 1976) . Presumably, the scriptlike letters had to be compared against form-specific representations in memory, whereas the block letters were matched easily to more abstract, prototypical representations. These studies indicate that specific visual properties of verbal material are perceptually processed better in the right hemisphere than in the left.
In this article, we investigated the hypothesis that two distinct systems encode word forms by measuring direct, or repetition, priming in the left and right hemispheres. Direct priming refers to memory for previously processed material that subsequently facilitates processing of the same material (for reviews see Richardson-Klavehn & Bjork, 1988; Schacter, 1987; Shimamura, 1986; Tulving & Schacter, 1990) . For example, in word-stem completion experiments, subjects are shown a word stem (a group of three letters that can be completed to form different words by adding a few letters to the end of it; e.g., "con ") and are asked to complete it using the first word that comes to mind. The result is that subjects complete the stem using a word that was recently presented more often than any other word that can form a completion (Graf, Mandler, & Haden, 1982) . Many subjects claim to be unaware that the words they produce had appeared previously, despite exhibiting normal priming effects (Bowers & Schacter, 1990) . Other priming tests include word-fragment completion (e.g., Tulving, Schacter, & Stark, 1982) , perceptual identification (e.g., Winnick & Daniel, 1970) , and lexical decision (e.g., Forbach, Stanners, & Hochaus, 1974) . Direct 2 In this article, when we refer to stimuli presented to one hemisphere in a divided-field task, we are identifying which hemisphere initially received the stimuli (i.e., stimuli presented in the left visual field were presented initially to the right hemisphere). We do not assume that only one hemisphere has access to this information, simply that the contralateral hemisphere receives the information before the ipsilateral hemisphere and probably also receives higher quality information (see Kosslyn & Koenig, 1992, chap. 9 ). Thus, subjects should respond more quickly and accurately if the hemisphere that processes the input more effectively receives the stimulus initially.
pruning is an example of implicit memory. This term refers to memory that is revealed when performance on a task is facilitated by previously encoded information, yet is not influenced by deliberate or conscious recollection of previously encoded information. In contrast, explicit memory refers to memory that is revealed when performance on a task requires deliberate recollection of a previous learning episode (Graf & Schacter. 1985) .
We used priming to investigate the distinction between abstract and form-specific word form systems in part because at least some aspects of word priming are modality-specific. For example, when a word is initially presented in one modality and the subsequent priming test is given in a different modality, priming is reduced (e.g., Graf, Shimamura, & Squire, 1985; Jacoby & Dallas, 1981; Kirsner, Milech, & Standen, 1983; Roediger & Blaxton, 1987) . This finding suggests that some of the representations that underlie priming are themselves modality specific and hence preserve at least some aspects of the perceptual input. In contrast, explicit memory for words is not modality specific. When a word is initially presented in one modality and the subsequent explicit memory test is given in a different modality, memory performance is not reduced (e.g., Kirsner et al., 1983; Roediger & Blaxton, 1987) . Therefore, because word form systems represent modality-specific information about words, investigations of modality-specific word priming are useful for examining such systems (cf. Schacter, 1990) . It remains unclear, however, whether a single word form system or two qualitatively different word form systems encode the modality-specific representations that underlie modality-specific word priming.
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In short, if form-specific priming proves to be relatively more effective in the right hemisphere, but priming that is not form specific is either more effective in the left hemisphere or equally effective in both hemispheres, then we will have evidence that two distinct systems must participate in the representation of visual word forms. One of these systems would be a form-specific system that is relatively more effective in the right hemisphere. This form-specific system would be distinct from the word form system that has been investigated in PET studies (Petersen et al., 1990) , which apparently could be activated in the left hemisphere selectively. Experiment 1 found that within-modality priming is greater than cross-modality priming in word-stem completion. That is, more priming occurred when the initially presented material and the test material were presented in the same modality. Nevertheless, some priming still occurred when the initially presented material and the test material were presented in different modalities. This result could mean that priming affects at least two types of systems, one that is modality specific and one that is not. In this experiment, we explored this possibility in greater detail.
We used the divided-visual-field paradigm to measure hemispheric differences in word-stem completion priming. Following , we first asked subjects to indicate whether they liked or disliked words that were presented one at a time. One set of words was presented auditorily, and one set was presented visually. The visually presented words appeared in the central visual field. After this initial-exposure phase, word stems were presented briefly in the left or right visual fields. Subjects were asked to read the word stems and to report the first word that came to mind that could complete each stem.
We assessed (a) within-modality priming by measuring the number of stems that were completed with words that were seen in the initial-exposure phase and (b) cross-modality priming by measuring the number of stems that were completed with words that were heard in the initial-exposure phase. The visually presented words in the initial-exposure phase and all word stems were always presented in exactly the same type font and letter case. Thus, if a form-specific system is relatively more effective in the right hemisphere (i.e., if the characteristic processing of the form-specific system is more evident in the right hemisphere), then within-modality priming should be greater when word stems appear in the left visual field. Cross-modality priming should not reflect processing of word forms per se, whether form specific or abstract, and hence a form-specific system in the right hemisphere should not contribute to this sort of priming. Thus, when words are presented visually, we expect greater priming when word stems are subsequently presented to the right hemisphere compared with when word stems are subsequently presented to the left hemisphere. In contrast, when words are presented auditorily, we do not expect greater priming when word stems are presented to the right hemisphere compared with when word stems are presented to the left hemisphere.
Method
Subjects. Thirty-two male Harvard University undergraduate and graduate students volunteered to participate as paid subjects. All subjects were right-handed, as assessed by the Edinburgh Handedness Inventory (Oldfield, 1971) . The mean laterally quotient was 0.77 (range: 1.00-0.33). Only right-handed men were tested in the experiments reported here because this group typically exhibits greater hemispheric lateralization of function than women and left-handed men (Bradshaw & Nettleton, 1983; Bryden, 1982; Springer & Deutsch, 1981) . In addition, in this and all of the following experiments, all subjects were native English speakers, no subject participated in more than one experiment, and the subjects were not aware of the purposes or predictions of the experiment at the time of testing.
Materials. One hundred English words, ranging from four to eight letters in length, were selected from a pocket dictionary. These words were selected with the constraint that the initial three letters (i.e., the stem) of each word were unique among the set of stimulus words and could be completed to form at least 10 common English words. The mean frequency of occurrence per million for these words was 70 (Kucera & Francis, 1967) .
Ten lists of 10 words each were created. Each list was balanced for word frequency, the number of words that could be completed from the stem of each word, and the baseline probability of generating the critical word when presented with its initial three letters (based on separate tests with normal subjects). Eight lists were designated as experimental materials, and the other two were used for practice. Ten additional words with the same characteristics were used as filler words. Three filler words were placed at the beginning and 2 at the end of the initially presented exposure lists in order to attenuate primacy and recency effects.
We presented visual stimuli on a Macintosh Plus computer screen with a Polaroid CP-50 filter placed over it to reduce glare. The letters were presented in black against a white background in a 24-point, Helvetica bold font (letter size was approximately 5 x 6 mm). Only lowercase letters were used in this experiment. A central fixation point (2 mm in diameter, subtending 0.23° of visual angle) was used to indicate the beginning of the visual trials (but not the auditory trials). In the exposure phase, visually presented words appeared at the center of the computer screen. In the test phase, word stems were presented in the left and right visual fields such that the center of each three-letter stem was 2.5° (22 mm) from the center of the screen. The inner edge of any word stem was never closer than 1.5° (13 mm) from the center. A 14-mm horizontal line segment appeared after the third letter of each word stem (e.g., "con "). This segment was not considered part of the word stem in the aforementioned measurements.
The time required to generate a word when a word stem was presented was measured with a voice-activated relay. The subjects' eyes were approximately 50 cm from the computer screen.
Procedure. All subjects were tested individually. Each experimental session had two phases: In the exposure phase, subjects read 20 visually presented words and heard 20 words read to them by the experimenter (plus 5 filler words in each modality). The visually presented words and auditorily presented words were presented in separate blocks. To encourage semantic processing of the words, the subjects rated how much they liked or disliked each word on a 5-point scale (1 = dislike very much: 5 = like very much). The subjects made the ratings by circling numbers on 5-point scales printed on rating sheets.
Half of the words were displayed visually on the computer screen and read silently. In this portion of the exposure phase, a trial began with the fixation point, which appeared at the center of the screen for 500 ms. Then, a blank screen appeared for 500 ms, after which a word appeared centrally for 3 s. After making a rating, the subjects pressed the space bar on the computer keyboard. Each word remained on the screen exactly 3 s, regardless of whether the space bar was pressed before or after this time elapsed. After the space bar was pressed and the word disappeared from the screen, the next trial began after a 1-s interval. The other half of the words were presented auditorily by the experimenter. In this portion of the exposure phase, the subjects were told to listen carefully to each word so that none of the words would have to be repeated. After hearing a word and making a rating, the subjects told the experimenter that they were ready for the next word, and the experimenter then read another word no less than 2 s thereafter. The average presentation rate in both cases was about 5 s per word.
Each subject was presented with two target-word lists visually and two auditorily. The order of modality was counterbalanced across subjects. The first 3 and the last 2 words presented in each modality were always filler words (which were added to the test lists). The set of words presented in each modality was presented twice in succession so that the processing necessary to encode each word was performed two different times; presumably, greater changes useful for priming should result from two presentations of each word than from only one. Thus, each subject rated 25 visually presented words twice and 25 auditorily presented words twice (20 target words and 5 filler words in each modality). For each subject, different pseudorandom word orders were used for each of the two presentations within each modality. These orders were random with the constraint that no more than three items appeared consecutively that had stems that would later be presented in the same visual field.
The test phase began approximately 6.5 min after the exposure phase ended (a practice session, which included 20 word-stem completion practice trials, was presented during this interval). In the test phase, the subjects were instructed that three-letter word stems would appear briefly, slightly to the left or right of the center of the screen. They were told that each of the word stems was the beginning of an English word and that they were to add a few letters to each group to make a common English word and then immediately speak it aloud into the microphone. They were instructed to produce any English word, but to report the first word that came to mind, excluding proper nouns. Subjects were required to produce a word response on each trial. In fact, the next trial did not begin until a word response was reported in the previous trial.
Test trials began with the presentation of a fixation point at the center of the screen for 500 ms. Then, after a 500-ms blank screen, a word stem appeared in the left or right visual field for 183 ms, followed again by a blank screen. Subjects were instructed to focus their attention on the fixation point whenever it appeared. A word spoken into the microphone terminated each trial. After a 1-s intertrial interval, the next trial was presented in the same way. Subjects were told that the computer would record the time it took them to say the word and that the experimenter would record the words they said.
Half of the word stems (the targets) were taken from the four word lists (40 words) used in the exposure phase. The other half of the stems (baseline stems) were taken from the four word lists (40 words) that were not presented to the subject. Of the two word lists (20 words) presented visually during the exposure phase, one list (10 words) served as a source of word stems to present in the left visual field, and the other list (10 words) served as a source of word stems to present in the right visual field. The same was true for the two word lists (20 words) presented auditorily during the exposure phase. Therefore, half of the words from each modality were used to obtain stems presented in each visual field. Finally, half of the 40 baseline word stems were presented in the left visual field, and the other half in the right. Thus, each subject saw 80 word stems: 20 from words previously exposed visually, 20 from words previously exposed auditorily, and 40 from words that were not previously exposed. The visual field at test, modality of initial exposure, and target status in which each list was presented were counterbalanced across subjects.
The trials were presented in a different order for each subject. Each order was random with three constraints: No more than three target or baseline stems appeared consecutively, no more than three stems appeared consecutively from words that had been previously exposed in the same modality, and no more than three stems appeared consecutively in the same visual field. So that subjects could become familiarized with the word-stem completion procedure, they performed 20 practice word-stem completion trials (half of the stems were presented in each visual field) during the interval between the exposure and test phases.
The eight experimental word lists were rotated through the four target conditions such that each 10-word list appeared in all conditions an equal number of times. The baseline word stems were taken from the four unstudied word lists (two lists presented in the left visual field at test, the other two in the right), so that the same words appeared equally often as target and baseline word stems in each visual field.
In summary, 40 words were presented in the exposure phase (20 visually and 20 auditorily). Then, 80 word stems were presented (taken from the 40 previously exposed words and the 40 unexposed words). Half of the word stems were presented in the left visual field, and half in the right visual field. The subjects completed each stem to form the first word that came to mind and responded by speaking the word aloud.
Results
In this and subsequent experiments, we used a strict criterion to determine whether each completed word was one of the 80 words from the eight experimental word lists (critical words). A completion for a word stem was scored as a critical word only if the reported word was exactly the same as the corresponding word on one of the eight experimental word lists (no plural forms, past tense forms, or other changes were accepted). Completion rates for critical words and the times required to produce critical words were submitted to separate repeated measures analyses of variance (ANOVAs). All factors were within-subjects variables. In this and all following experiments, reported results were significant (p < .05), and results not reported were not significant (p > .10, in all cases). In some cases, however, we report nonsignificant results (p > .05), if they are of particular theoretical interest.
Completion rates. The left portion of Figure 1 illustrates the main results from Experiment 1. We analyzed the completion rate data to examine directly the effects of priming. We computed a measure of within-modality and cross-modality priming for each subject, obtaining separate priming scores for left-and right-hemisphere trials. For each type of trial, we subtracted each subject's completion rate for critical words in the no-exposure, baseline condition from his completion rate for critical words in the visual-exposure condition (within-modality priming) and from his completion rate for critical words in the auditory-exposure condition (cross-modality priming). The statistical analysis included initial-exposure modality (visual or auditory) and test hemisphere (left or right) as factors. The analysis revealed that there was more within-modality priming when word stems were presented to the right hemisphere than to the left hemisphere (direct priming scores of 21.8% vs. 13.1%, respectively), F(\, 62) = 7.94, p < .01, MS C = 148.8, for the simple effect contrast. In contrast, we found the same amount of cross-modality priming when the stems were presented to the right or left hemisphere(12.3% vs. 10.5%, respectively), F< 1.0, for the simple effect contrast. The interaction of initial-exposure modality and test hemisphere was significant, F(\, 31) = 4.58, p < .05, MS C = 78.9. Furthermore, when word stems were presented to the right hemisphere, there was more within-modality priming than cross-modality priming, F{\, 62) = 17.3, p < .001, MS C = 81.3, for the simple effect contrast. When word stems were presented to the left hemisphere, within-modality and cross-modality priming did not differ, F( 1, 62) = 1.39, p > .20, MS C = 81.3, for the single effect contrast.
Finally, the analysis revealed that priming was marginally greater when stems were presented to the right hemisphere (17.0%) than to the left (11.8%), F(l, 31) = 4.01, p < .06, MS e = 218.7, and that priming was greater after visual exposure (17.4%) than after auditory exposure (11.4%), F(l, 31) = 13.8, p<.001, MSe = 83.8.
We also analyzed the same data in their original form without subtractions. This second analysis was performed with three types of initial exposure (visual; auditory; and noexposure, i.e., baseline) and two test hemispheres (left and Word stems were always presented visually at test, so that word completions that used visually exposed words reflect withinmodality priming and word completions that used auditorily exposed words reflect cross-modality priming. Word completions that used critical words that were not encountered during initial exposure reflect baseline performance. Error bars indicate standard errors of the mean.) right). All effects that were significant in the priming scores analysis were also significant in this analysis, with one exception. 4 We also tested, in all conditions, whether subjects completed word stems to form critical words that had been previously exposed more often than critical words that had not been previously exposed. For word stems presented to the right hemisphere, both visual exposure (33.1%) and auditory exposure (23.8%) resulted in a higher percentage of completions using critical words than the no-exposure baseline (11.4%). In addition, for word stems presented to the left hemisphere, both visual exposure (26.6%) and auditory exposure (21.9%) resulted in a higher percentage of completions using critical words than the no-exposure baseline (10.9%; p < .001, in all cases).
Response times. We also analyzed the time required to report word completions using the critical words (Figure 1) . We analyzed the response times in the form of priming scores, computed as described in the previous section. Although the pattern of these results resembled the completion rate data, the variability was high, and no effects approached significance. Indeed, this analysis showed that priming after visual exposure was the same when word stems were presented to the right or left hemisphere (mean priming measures of 28 ms and 22 ms, respectively), F < 1.0. Similarly, there was no difference in priming when stems were presented to the right or left hemisphere after auditory exposure (-25 ms and -68 ms, respectively), F < 1.0. Finally, there was no interaction between modality of initial exposure and test hemisphere, F < 1.0. If this interaction were significant, the corresponding interaction in completion rates might have been suspect, in that high rates of completion using the critical words could have been produced simply by subjects taking longer to generate their responses.
Similarly, in an analysis of the original response time data (before subtractions) with three types of initial exposure (visual, auditory, and baseline), none of the main effects or interactions approached significance. We also tested, in all conditions, whether subjects completed word stems to form critical words that had been previously exposed faster than critical words that had not been previously exposed. We found no evidence of such response-time priming in any condition (all ts < 1.0). The pattern of data in this experiment suggests that response times were at floor levels, such that potential differences between conditions could not be detected.
Discussion
As predicted, within-modality priming was greater when word stems were presented to the right hemisphere. In contrast, cross-modality priming did not differ depending on which hemisphere received the word stem. Because the word stems in the within-modality condition were presented in the same typeface and letter case during initial exposure and in the test trials, information encoded in a form-specific system during the exposure phase could have primed performance in the test trials. If so, a form-specific system is relatively more effective in the right hemisphere than in the left. In addition, we replicated earlier findings that both within-and cross-modality priming occur in the word-stem completion task, but within-modality priming is greater than cross-modality priming.
To specify the nature of the form-specific system, we must determine which form of memory was responsible for the results. We have supposed that influences on word-stem completion reflect a form of implicit memory. Subjects were asked to complete each stem with the first word that came to mind, and they were not told that some of the word stems could be completed using words previously shown during the exposure phase. However, it seemed possible that a right-hemisphere advantage for within-modality word-stem presentation might also be found if subjects were instructed to complete the word stems by deliberately recalling the recently presented words. If so, then the results from this experiment may reflect explicit memory processes. Experiment 2 was conducted to investigate whether the same pattern of results would be observed when subjects were instructed to recall words from the initialexposure phase that could be used to complete the word stems.
Experiment 2
In Experiment 2, we tested whether the modality-specific representations that underlie within-modality word priming also influence within-modality explicit memory. We assumed that amodal-and not modality-specific-representations of words largely underlie explicit memory effects, because changes in modality from initial exposure to test do not decrease performance in explicit memory tasks (e.g., Kirsner et al., 1983; Roediger & Blaxton, 1987) .
We hypothesize that associative memory, a system separate from word form systems, encodes amodal information that is accessed in explicit memory tasks. This system requires processing in medial temporal lobe structures for new information to be stored, and amnesic patients with damage in the medial temporal lobes have impaired explicit memory abilities (cf. Schacter, 1990; Squire, 1987; Tulving & Schacter, 1990) . In contrast, word form systems encode modality-specific information about the visual structure of printed words and do so in posterior cortical areas. Even amnesic patients with damaged medial temporal lobe structures but intact posterior cortical structures reveal normal modality-specific word priming effects (Shimamura, 1986) . Thus, word form systems in posterior cortex are largely responsible for producing modal- 4 The interaction between type of initial exposure and test hemisphere that was significant in the priming scores analysis did not approach significance in an analysis with three types of initial exposure, F(2, 62) = 1.85, p > .15, MS C = 87.9. However, the simple effects analyses of the interaction between type of initial exposure and test hemisphere yielded the same pattern of results in this latter analysis as in the priming scores analysis. Subjects completed more word stems to form visually exposed words when the stems were presented to the right hemisphere (33.1%) than to the left (26.6%), F(\, 93) = 6.42, p < .05, MS t = 107.4, for the simple effect contrast. In contrast, subjects completed similar numbers of word stems to form auditorily exposed words when the word stems were presented to the right hemisphere (23.8%) or to the left (21.9%), F < 1.0 for the simple effect contrast. ity-specific word priming effects, but not for producing explicit memory effects.
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In Experiment 2, the initial-exposure procedure was the same as in Experiment 1. Moreover, in the test phase, word stems were presented visually in the left or right visual field just as in Experiment 1. Experiment 2 differed from Experiment 1 only in that subjects were asked to use words stems as cues to help them recall words they had seen or heard during the first phase of the experiment. If information encoded in word form systems underlies the word priming effects observed in Experiment 1, and if explicit memory readily draws on different systems, such as associative memory, then we would not expect to find a right-hemisphere advantage for within-modality cued recall.
Method
Subjects. Sixteen male Harvard University undergraduates and affiliates volunteered to participate as paid subjects. All subjects were right-handed; the mean laterality quotient was 0.73 (range: 1.00-0.39; Oldfield, 1971) .
Materials and procedure. The materials and procedure of this experiment were the same as in Experiment 1, with two exceptions. First, the practice trials were eliminated. Second, the instructions in the test phase were changed such that subjects were asked to recall words they previously rated in the exposure phase, using the word stems presented in the left and right visual fields as cues. Specifically, they were instructed to read each word stem and to try to recall a word that they had rated in the like-dislike task that began with those letters. Subjects were encouraged to guess when they could not think of such a word. They also were told that only some of the word stems could be completed to form words that they had rated in the exposure phase. Nevertheless, they were required to produce a word response on each trial. In fact, the next trial did not begin until a word response was reported in the previous trial.
Results
Repeated measures ANOVAs were conducted with initialexposure modality (visual or auditory) and test hemisphere (left or right) as within-subjects independent variables. In separate analyses, the percentage of words correctly recalled and the times to recall these words were the dependent variables.
Accuracy. Figure 2 shows that stems from words presented visually during the exposure phase did not cue recall more often when they were presented to the right hemisphere (47.5%) than when they were presented to the left hemisphere (51.9%). In fact, the trend was in the opposite direction, but this difference did not approach significance, F < 1.0, for the simple effect contrast. Similarly, stems from words presented auditorily during the exposure phase did not cue recall more often when they were presented to the right hemisphere (35.0%) than when they were presented to the left hemisphere (41.9%), F( 1, 30) = 1.50, p > .20, MS C = 252.3, for the simple effect contrast. The interaction between initial-exposure modality and test hemisphere did not approach significance, F < 1.0.
Furthermore, the analysis revealed that words presented visually during the exposure phase (49.7%) were recalled more frequently than words presented auditorily (38.4%), F{\, 15) = 10.6, p < .01, MS C = 191.7. Averaging across both modalities, there was a numerical but nonsignificant advantage for cued recall to be better when word stems were presented to the left hemisphere (46.9%) compared with the right (41.3%), F(l, 15) = 2.82,/?> .10, MS e = 179.6.
Response times. We performed a similar analysis to examine the times required to correctly recall words (Figure 2 ). This analysis revealed that subjects did not recall words presented visually during the initial-exposure phase faster when word stems were presented to the right hemisphere (1,395 ms) than to the left hemisphere (1,522 ms), F(\, 30) = 1.05, p > .30, MS" e = 123,922, for the simple effect contrast. Furthermore, there was only a trend for subjects to recall words presented auditorily during the initial-exposure phase faster when the word stems were presented to the right hemisphere (1,626 ms) compared with the left hemisphere (1,844 ms), F( 1, 30) = 3.08, p < .09, MS, = 123,922, for the simple effect contrast. No interaction was evident between modality of initial exposure and test hemisphere (F < 1.0).
Finally, the analysis indicated that subjects recalled words presented visually during the exposure phase (1,459 ms) faster than words presented auditorily (1,735 ms), F(l, 15) = 11.8, p < .01, MS e = 103,309; and averaging across modalities, they recalled words marginally faster when word stems were presented to the right hemisphere (1,510 ms) than to the left hemisphere (1,683 ms), F(l, 15) = 4.24, p < .06, MS, = 112,677 (note that this trend goes in the opposite direction to that in the accuracy data, which may suggest a trend toward a speed-accuracy trade-off).
Discussion
The results from Experiment 2 are in sharp contrast with those from Experiment 1. Subjects did not recall words presented visually during the initial-exposure phase more accurately when the stems of these words were presented to the right hemisphere, compared with when the stems were presented to the left hemisphere. In fact, the trend was in the opposite direction, with a small left-hemisphere advantage for both within-modality and cross-modality cued recall. In addition, subjects did not recall words presented visually during the initial-exposure phase significantly faster when their stems were presented to the right hemisphere.
The dissociation between results from Experiments 1 and 2 shows that within-modality word-stem completion performance, but not cued recall, is better when word stems are presented to the right hemisphere. It appears that representa-5 Episodic memory representations (in Tulving's [1972] classic sense of the term) are different from form-specific representations of visual forms. Episodic memory effects are subserved by associative memory, which requires processing in medial temporal lobe structures of the brain for new information to be encoded. Amnesic patients with damage to these structures but intact posterior cortex have impaired episodic memory, but intact modality-specific priming. Thus, the associative memory system represents information in episodic memory, and word form systems represent information that underlies modality-specific priming. hemisphere of word-stem presentation. Word stems were presented visually at test, so that recall of visually exposed words reflects within-modality cued recall and recall of auditorily exposed words reflects cross-modalitv cued recall. Error bars indicate standard errors of the mean.)
tions of visual word forms in the right hemisphere assist in producing word-stem completion priming more strongly than representations of visual word forms in the left hemisphere. However, these same representations of word forms in the right hemisphere do not facilitate cued recall.
presented to the right hemisphere in the opposite letter case. A form-specific representation of a word in one letter case should not influence priming unless a word stem is subsequently presented in the same letter case as the one in which the word was originally presented.
Experiment 3
This experiment was conducted to test more directly whether a form-specific system operates more effectively in the right hemisphere than in the left (i.e., whether the characteristic processing of the form-specific system is more evident in the right hemisphere than in the left). If this hypothesis is correct, greater priming should occur when word stems are presented in the same typographic letter case (upper or lower) used during the visual-exposure phase than when word stems are presented in the different case. Specifically, such casespecific priming should be greater when word stems are presented to the right hemisphere than when word stems are presented to the left hemisphere.
In Experiment 3, all words were presented visually during the initial-exposure phase in either all lowercase or all uppercase letters. In the test phase, half of the target-word stems were presented in the same case in which the corresponding words had appeared during the initial-exposure phase, and half were presented in the other case. We predicted that samecase priming would be greater after right-hemisphere presentations than after left-hemisphere presentations, whereas different-case priming would not be greater after right-hemisphere presentations. In other words, more priming should occur when word stems are presented to the right hemisphere than to the left, but only when the word stems are presented in the same letter case as that used when their corresponding words were presented in the initial-exposure phase. In contrast, more priming should not occur when word stems are
Method
Subjects. Thirty-two male Harvard University undergraduates volunteered to participate as paid subjects. All subjects were righthanded; the mean laterality quotient was 0.83 (range: 1.00-0.29; Oldfield, 1971) .
Materials and procedure. Experiment 3 was similar to Experiments 1 and 2, except that words and word stems could appear in either all lowercase or all uppercase letters. In the exposure phase, all words were presented visually at the center of the screen. Subjects saw four word lists (40 words) twice in succession and rated them each time as described earlier. Half of the words in each list (20 words) appeared in all lowercase letters, and half (20 words) appeared in all uppercase letters. In addition, two lists (20 words) were presented in the same case in which they would later appear during the test phase, and two lists (20 words) were presented in the opposite case. The first 3 and last 2 words presented during the exposure phase were always filler words. Thus, subjects rated 45 words twice, each time in a different order. Different orders were used for each subject. The orders were random, except that (a) no more than 3 words appeared consecutively that had stems that would later be presented in the same visual field at test and (b) no more than 3 words appeared consecutively that had stems that would appear in the same or different letter case at test. The sequence of events for each exposure trial was the same as that used for visual-exposure presentations in Experiments 1 and 2.
The instructions and the procedure for the test phase were the same as in Experiment 1. Thus, the test phase began approximately 6.5 min after the exposure phase ended (a practice session including 20 word-stem completion trials was presented during this time interval). For each subject, half of the word stems (40) were from the four word lists presented in the exposure phase (target stems), and the other half (40) were from the four word lists not presented (baseline stems). Half of the word stems from each list were presented in the left visual field, and half in the right visual field. In addition, half of the target-word stems presented in each field (20) were in lowercase letters, and half (20) were in uppercase letters. Thus, word stems from two of the target word lists (20) appeared in the same case as during the exposure phase (same-case stems), and word stems from the other two lists (20) appeared in the different case (different-case stems). Word stems were presented in four blocks of 20 trials each, with each block containing the 10 stems from one of the target lists and the 10 stems from one of the baseline word lists. Brief pauses (about 30 s each) intervened between the test blocks. During each interval, the experimenter set up the next block of test presentations on the computer and did not speak, except to tell the subject that the same instructions applied to the next set of trials.
The lists were counterbalanced across subjects so that each word appeared equally often in each case, each stem appeared equally often in the same or different case in which its corresponding word appeared during the exposure phase, and each stem in each condition appeared equally often in each visual field. The word stems were presented in a random order within each block, except that no more than three target stems or baseline stems appeared consecutively and no more than three stems appeared consecutively in the same letter case or in the same visual field. In all other respects, the sequence of events for each test trial was the same as in Experiment 1.
Thus, each subject rated 40 words (plus 5 filler words) in the exposure phase and then received 80 word stems in the test phase. Forty of these were target word stems, 20 in the same case as in the exposure phase (10 in the left and 10 in the right visual field) and 20 in the opposite case (10 in the left and 10 in the right visual field). The remaining 40 were baseline word stems, 20 in lowercase letters (10 in the left and 10 in the right visual field) and 20 in uppercase letters (10 in the left and 10 in the right visual field). Finally, to familiarize subjects with the word-stem completion procedure, 20 practice word stems (half in each letter case and half in each visual field) were presented during the interval between the exposure and test phases.
Results
Repeated measures ANOVAs were conducted on criticalword completion rates and on response times for completions to critical words. All variables were manipulated within subjects. The main results are presented in Figure 3 . Figure 4 shows half of these data, for word stems presented in lowercase at test, and Figure 5 shows the other half, for word stems presented in uppercase at test.
Completion rates. To analyze the completion rate data, we examined directly the effects of priming. We computed measures of same-case and different-case priming for each subject, obtaining separate priming scores for each of the four conditions created by crossing left-and right-hemisphere trials with lowercase and uppercase word-stem trials. For each of these four types of trials, we subtracted each subject's completion rate for critical words in the no-exposure, baseline condition from his completion rate for critical words in the samecase exposure condition (same-case priming) and from his completion rate for critical words in the different-case exposure condition (different-case priming). This analysis included type of initial exposure (same-case or different-case), test hemisphere (left or right), and letter case at test (lower or upper) as variables. The most important finding was that same-case priming was greater when word stems were presented to the right hemisphere (28.1%) than to the left (16.5%), F(\, 62) = 11.0, P< .01, MS e = 392.3, for the simple effect contrast. In contrast, this right-hemisphere advantage did not extend to different-case priming (17.09% and 17.08% for the right and left hemispheres, respectively; F < 1.0, for the simple effect contrast). The interaction between type of initial exposure and test hemisphere was significant, F{\, 31) = 7.40, p < .05, MSe = 290.6. Furthermore, when word stems were presented to the right hemisphere, same-case priming was greater than different-case priming, F(\, 62) = 11.2, p < .01, MS C = 342.9, for the simple effect contrast, but when word stems were presented to the left hemisphere, same-case and different-case priming did not differ (F < 1.0, for the simple effect contrast). Another important result was that the type of initial exposure did not interact with the letter case of word stems at test, F(\, 31) = 2.11, p > .15, MS e = 317.9. In addition, the threeway interaction between type of initial exposure, letter case at test, and test hemisphere did not approach significance (F < 1.0). These results show that case-specific priming in general, and the right-hemisphere advantage for case-specific priming in particular, did not depend on whether word stems were presented in lowercase or uppercase letters. Simple effect contrasts confirmed the latter conclusion. There was marginally more same-case priming when lowercase stems were presented to the right hemisphere (28.4%) than to the left (19.0%), F(l, 124) = 3.28, p < .08, MS, = 426.4. In addition, there was more same-case priming when uppercase stems were presented to the right hemisphere (27.8%) than to the left (13.9%), F(l, 124) = 7.22, p < .01, MS C = 426.4. In contrast, when word stems were in the different case from the case used during the exposure phase, priming was similar when lowercase or uppercase stems were presented to the right or left hemisphere, (20.0% vs. 23.5% for lowercase stems, and 14.2% vs. 10.6% for uppercase stems), both Fs < 1.0. Thus, case-specific priming in the right hemisphere did not depend on the letter case of the test stimuli.
Finally, the analysis revealed that same-case priming (22.3%) was generally greater than different-case priming (17.1%), F(l, 31) = 4.33, p<.05, MS e = 395.1. Word stems presented to the right hemisphere (22.6%) produced greater •1100
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•850 We also analyzed the same data in their original form without subtractions. This second analysis was performed with three types of initial exposure (same letter case as at test; different letter case as at test; and no-exposure, i.e., baseline), two test hemispheres (left and right), and two letter cases at test (lower and upper). All effects that were significant in the priming scores analysis were also significant in this analysis. We also tested, in the four main conditions, whether subjects completed word stems to form critical words that had been previously exposed more often than critical words that had not been previously exposed. For word stems presented to the right hemisphere, both same-case exposure (39.0%) and different-case exposure (28.1%) resulted in a higher percentage of completions using critical words than the no-exposure baseline (11.0%). In addition, for word stems presented to the left hemisphere, both same-case exposure (26.1 %) and different-case exposure (26.8%) resulted in a higher percentage of completions using critical words than the no-exposure baseline (9.7%; p < .0001, in all cases).
Response times. We analyzed the time required to report completions using critical words in terms of priming scores, calculated as described in the previous section. No effects approached significance in this analysis. Specifically, there was no greater priming when same-case word stems were presented to the right hemisphere (86 ms) than to the left (43 ms), F < 1.0, for the simple effect contrast. Similarly, there was no greater priming when different-case word stems were presented to the right hemisphere (65 ms) than to the left (-26 ms), F(l, 62) = 1.13, p > .25, MS, = 233,544, for the simple effect contrast. Finally, the interaction between type of initial exposure and test hemisphere did not approach significance, F < 1.0. If this interaction were significant, the corresponding interaction in completion rates might have been suspect, in that high rates of completion using the critical words could have been produced simply by subjects taking longer to generate their responses.
Similarly, in an analysis of the original response time data (before subtractions) with three types of initial exposure (same-case, different-case, and baseline), none of the main effects or interactions approached significance. We also tested, in the four main conditions, whether subjects completed word stems to form critical words that had been previously exposed faster than critical words that had not been previously exposed. We found no evidence of such response time priming in any condition (all ts < 1.0). The pattern of data in this experiment suggests that response times were at floor levels, such that potential differences between conditions could not be detected.
Discussion
In Experiment 3, we found a right-hemisphere advantage in word-completion priming when word stems appeared in the same case in which their corresponding words had appeared during the exposure phase. In contrast, we did not find a hemispheric difference when word stems appeared in the opposite case from the one used during the exposure phase. Moreover, the right-hemisphere advantage for samecase priming was evident in a near-significant effect when word stems were presented in lowercase letters at test and in a significant effect when word stems were presented in uppercase letters at test. Accordingly, the results indicate that a form-specific system operates more effectively in the right hemisphere than in the left.
Experiment 4
Experiment 3 indicated that the right hemisphere is relatively more effective than the left at storing information about case-specific word forms. However, we do not know whether this information influences explicit or implicit memory. Experiment 4 was conducted to determine whether systems in the right hemisphere draw on explicit memory when completing same-case word stems. We investigated whether the pattern of results found in Experiment 3 would also be obtained when subjects are asked to use word stems as cues to recall the words presented during the exposure phase. The results from Experiments 1 and 2 suggest that the formspecific information supporting priming is embedded in representations that are tapped by implicit memory and not explicit memory. However, no evidence is yet available to show that this is also true for representations of the subtle visual changes that distinguish letter case. Subjects in this experiment followed the same procedure as in Experiment 3, except that word-stem cued recall was tested instead of word-stem completion. For initial exposure, words appeared in either all lowercase or all uppercase letters. In the test phase, subjects were instructed to use visually presented word stems as cues to help them recall the words that they had rated during the exposure phase. Half of these word stems appeared in the same case as in the exposure phase, and half appeared in the different case. If information stored in a formspecific system supports implicit memory, and if explicit memory readily draws on different systems, such as associative memory, then the results from this experiment should be different from those obtained in Experiment 3. Specifically, when explicit memory is tested, the right-hemisphere advantage for case-specific priming that was evident in Experiment 3 should not occur.
Method
Subjects. Sixteen right-handed male Harvard University summer school students volunteered to participate as paid subjects. The mean laterality quotient was 0.69 (range: 1.00-0.33; Oldfield, 1971) .
Materials and procedure. The materials and procedure were the same as in Experiment 3, with two exceptions. First, we eliminated the practice trials that preceded the test phase. Second, we changed the instructions for the test phase from word-stem completion to word-stem cued recall. Specifically, subjects were asked to read each word stem and then to try to recall a word from the exposure phase that began with those three letters. They were informed that not every word stem could be completed to form a previously presented word, and they were encouraged to guess when they could not recall such a word.
Results
As before, we performed separate repeated measures ANOVAs to examine the proportion of words correctly recalled and the time to recall those words. The independent variables were type of initial exposure (same-case or different-case), test hemisphere (left or right), and letter case of word stems at test (lower or upper). These were all within-subjects variables.
Accuracy. The main results are shown in Figure 6 . The most important finding was that subjects did not recall more words when same-case word stems were presented to the right hemisphere (48.8%) than when they were presented to the left hemisphere (52.5%), F < 1.0, for the simple effect contrast. In fact, the nonsignificant trend was in the opposite direction. Similarly, subjects did not recall more words when differentcase stems were presented to the right hemisphere (46.3%) than to the left (37.5%), F{\, 30) = 2.56, p > .10, MS e = 478.3, for the simple effect contrast. Subjects did recall more words when the word stems presented to the left hemisphere were same-case stems than when they were different-case stems, F(\, 30) = 7.25, p < .05, MS, = 496.7, for the simple effect contrast. However, they did not recall more words when the word stems presented to the right hemisphere were samecase stems than when they were different-case stems, F < 1.0, for the simple effect contrast. The interaction between type of initial exposure and test hemisphere did not approach significance, F(l, 15) = 2.03, p > .15, MS C = 616.7. Finally, same-case cued recall (50.6%) was overall better than different-case cued recall (41.9%), F(\, 15) = 6.50, p < .05, MS, = 376.7.
Response times. Subjects correctly recalled words more quickly when same-case word stems were presented to the left hemisphere (1,284 ms) than to the right (1,543 ms), F(l, 30) = 4.24, p < .05, MS, = 253,654, for the simple effect contrast. In contrast, subjects recalled words more quickly when different-case stems were presented to the right hemisphere (1,246 ms) than to the left (1,586 ms), F(l, 30) = 7.30, p < .05, MS, = 253,654, for the simple effect contrast. These results were also reflected in an interaction between type of initial exposure and test hemisphere, F( 1, 15) = 9.17, p< .01, MS,= 313,443. This pattern of interaction was opposite to the pattern of interaction found in completion rate data from Experiment 3.
Discussion
The results of Experiment 4 differed markedly from the results of Experiment 3. In Experiment 3, same-case wordcompletion priming was greater when word stems were presented to the right hemisphere, compared with the left (Figure  3 ). In contrast, in Experiment 4, recall was not better when same-case word stems were presented to the right hemisphere, compared with the left (Figure 6 ). In addition, in Experiment 3, word-completion priming was the same when same-case and different-case word stems were presented to the left hemisphere ( Figure 3 ). In contrast, in Experiment 4, recall was better when same-case word stems were presented to the left hemisphere, compared with when different-case word stems were presented to the left hemisphere ( Figure 6 ). Furthermore, in Experiment 4, subjects actually recalled words faster when same-case word stems were presented to the left hemisphere, compared with the right hemisphere, whereas they recalled words faster when different-case stems were presented to the right hemisphere, compared with the left hemisphere ( Figure 6 ). These results are also strikingly different from those of Experiment 3 (Figure 3) . Together, the results from Experiments 3 and 4 indicate that a word form system that operates more effectively in the right hemisphere than in the left stores form-specific representations of words. These representations support implicit memory but do not effectively support explicit memory. 
General Discussion
We hypothesized that the brain can encode visual word forms in either of two incompatible ways. On the one hand, general, or abstract, word form representations can be encoded, which include only what is common across different instances of a word. Indeed, such an abstract word form system would be efficient at encoding form representations that generalize to permit recognition of new instances of words. On the other hand, we proposed that representations of specific examples of word forms can also be encoded, as would be needed for recognition of words written in a specific typographical font. Because an abstract word form system and a form-specific system necessarily have different inputoutput mappings, the computations performed by each system are incompatible and would best take place in separate systems.
Consistent with previous findings that form-specific aspects of words and letters are processed better when they are presented to the right hemisphere, we found that form-specific priming is relatively more effective in the right hemisphere. This result is interesting in light of the recent PET finding that a localized region of the left posterior hemisphere is activated selectively during passive processing of word forms (Petersen et al., 1990) . These results together support the inference that at least two separate systems contribute to word form representation, one of which is form-specific and is relatively more effective in the right hemisphere.
In our experiments, eye position during the presentation of word stems was not strictly controlled. This raises the concern that subjects may have shifted their eyes to the left or right after the central fixation point was presented. However, Posner, Nissen, and Ogden (1978) monitored eye position when subjects were asked to remain fixated on a point in a dividedvisual-field experiment and found that subjects made anticipatory eye movements on only about 4% of the trials. The clear patterns of results we obtained also strongly suggest that subjects remained fixated at the center in our experiments. If subjects were not maintaining fixation, we should not have found significant interactions between the type of initial exposure and test hemisphere. Moreover, the fact that the righthemisphere advantage was selective, occurring only when priming was within modality and when the stems were in the same case as the words shown initially, suggests that subjects did not systematically fixate to one side or the other before stimulus presentation. If they had, the lateral advantage should have affected all of the conditions that were randomly intermixed, yet it did not. Perhaps the most natural tendency would be for subjects to shift attention to the right of the fixation point in this task, as is done during normal reading. However, if they had done so, we should have found greater priming when word stems were presented in the "right visual field," or to the "left hemisphere." Such left-hemisphere advantages were not detected in any of the conditions in the priming experiments.
It may seem surprising that we did not find more lefthemisphere priming when the word stems appeared in the opposite letter case from the one used during the initialexposure phase. However, we have not hypothesized that the abstract word form system is more effective in the left hemisphere. Our claim is only that the form-specific system is more effective in the right hemisphere and that this system is dissociable from the word form system investigated in PET studies (Petersen et al., 1990) . Indeed, the results of our experiments suggest that an abstract word form system in the right hemisphere operates as effectively as an abstract word form system in the left hemisphere.
If abstract word form systems operate equally well in the left and right hemispheres, it becomes puzzling why PET studies have found evidence for word-form processing in the left hemisphere but not in the right (Petersen et al., 1990) . In these studies, activation evoked by passive processing of consonant letter strings and letterlike forms was subtracted from activation evoked by passive processing of words. The resulting difference in activation in left posterior cortex, but not in right posterior cortex, presumably reflects word-form processing. These results contrast with other PET studies in which activation evoked by staring at a fixation point was subtracted from activation evoked by passive word-form processing. In this case, the resulting difference in activation was as largeif not larger-in right posterior cortex as in left posterior cortex (Petersen et al., , 1989 Posner et al., 1988) . If the activation evoked by processing of words was the same in right posterior cortex in all of these PET investigations, the discrepancy after subtractions must be due to what is being subtracted. In particular, if one assumes that abstract and form-specific systems in one hemisphere are implemented in closely adjacent cortex, then the lack of a difference in righthemisphere activation would occur if the consonant strings and letterlike forms, on the one hand, and the words, on the other hand, evoked a similar level of activation in right posterior cortex. In this case, the subtraction would remove the contribution of the form-specific system from the contribution of the abstract system in the right hemisphere, leaving no difference. In contrast, the difference in activation obtained in the left hemisphere would occur if the consonant strings and letterlike forms did not activate the abstract representations in left posterior cortex as much as words. And if the form-specific system is less effective or absent in the left hemisphere, then the contribution of the abstract system would be evident after the subtraction. 6 There is another potential explanation why positron emission tomography (PET) studies have found evidence for word-form processing in the left hemisphere but not the right (Petersen et al., 1990) . Fox and Applegate (1988) showed that unilateral stimulation of the hand produced contralateral activation in the left or right hemisphere, as appropriate, but bilateral stimulation produced much stronger activation in the right hemisphere. This led Corbetta, Miezin, Dobmeyer, Shulman, and Petersen (1991) to suggest that in the competitive situation produced when both hemispheres are activated, one hemisphere predominates. A mechanism such as this might explain the PET finding that word-form processing is evident in the left hemisphere, but not the right, when stimuli are presented to both hemispheres (in the central visual field). Such a mechanism could affect the activation evoked by words or the activation evoked by consonant letter strings and letterlike forms. According to this account, if stimuli were presented directly to the right hemisphere (in the left visual field), then PET studies would detect word-form The preceding argument rests on the hypothesis that consonant letter strings and letterlike forms can be encoded in a form-specific system but not in an abstract word form system. It seems likely that nonverbal visual patterns and object forms are represented in the same brain systems that represent visual word forms, given that written language is a relatively recent invention of the human species. Thus, it is unlikely that a distinct brain system exists for encoding only word forms. Instead, when learning to read, one presumably uses representation systems that developed to encode visual patterns and object forms. Indeed, it may be a misnomer to refer to the abstract and fonriTspecific systems as word form systems at all. Rather, these systems may operate to encode visual patterns of all kinds. If so, our results may shed light on the mechanisms underlying priming of unfamiliar visual patterns and object forms (e.g., Musen & Treisman, 1990; Schacter, Cooper, & Delaney, 1990) . Novel visual forms do not have preexisting representations in either a form-specific or an abstract visual form system, and the nearest match in an abstract system would likely not be very close. Thus, novel visual forms might be encoded as new representations in a form-specific representation system. Additional recent PET findings provide evidence directly relevant to these issues (Squire et al, in press ). Subjects in this experiment completed word stems after rating how much they liked or disliked a list of words (all words and word stems were presented in uppercase letters, and hence same-case priming was investigated). A region of the right posterior cortex showed less activity during word-stem completion priming, in comparison to a baseline condition in which none of the words that were produced had been previously exposed. This region in the right hemisphere was the same area activated by consonant letter strings and letterlike forms in earlier PET studies (Petersen et al., 1990) . The results suggest an account for priming, namely, that less neural activity is required to process a stimulus for a period of time after it has been presented. The results also show directly that samemodality, same-case word priming is related to changes in the right hemisphere, presumably because word-stem completion priming is driven by form-specific representations of visual word forms.
A second relevant finding was that cued recall, using samecase word stems as cues, activated the right (but not the left) hippocampal region more than the baseline condition (Squire et al., in press ). This finding might seem surprising, given that we did not find a right-hemisphere advantage for same-case cued recall in the present experiments. In fact, in Experiment 4, we found that same-case cued recall was better than different-case cued recall when word stems were presented to the left hemisphere. It is possible that our subjects stored a description of the letter case in which a word appears as an amodal representation in associative memory as well as a modality-specific representation encoded in the form-specific processing in the right hemisphere. In general, however, we should note that these tasks probably have many components. The different techniques used by PET and divided-visual-field investigations may be differentially sensitive to the contributions of separate processing components. system. If so, then the letter case in which a word stem appears at test could provide additional constraints for the process of retrieving word representations explicitly from associative memory. Given that the left hemisphere is generally more efficient than the right at processing amodal verbal information (Bradshaw & Nettleton, 1981) , it would not be surprising if amodal representations of letter case are encoded more effectively in the left hemisphere. Such amodal representations of letter case would not be accessed during priming tasks because explicit retrieval is not required and subjects can rely on output from modality-specific systems to perform the tasks (cf. Schacter, 1990; Tulving & Schacter, 1990) .
The PET finding that same-case cued recall activated the right hippocampal region, and not the left, suggests that in the conditions of the PET study, subjects attempted to retrieve information in modality-specific systems instead of amodal information in associative memory. This might have occurred in the PET study, but not in our experiments, because of three differences in the methods: In the PET study, only 15 words were presented during the initial-exposure phase, all of these words were presented in the same letter case in which word stems were presented during the test phase, and only 3 min intervened between exposure and test. In Experiment 4, 45 words were presented in the initial-exposure phase, half of the 40 nonfiller words in the exposure phase were presented in the different letter case, and the exposure-test interval was about 6 min. In view of these methodological differences, it seems likely that in our experiments, cued recall involved retrieval of information stored in associative memory, and that our subjects used a conceptual search process to retrieve the information. In contrast, in the PET study, the cued-recall test was relatively simple (as witnessed by the fact that those subjects were correct 79.2% of the time, compared with 46.3% for subjects in Experiment 4), and the visual form of the word stem effectively specified the correct response. Thus, the cuedrecall test in the PET study may well have involved retrieval of information stored in the form-specific system of the right hemisphere.
In other experiments that are relevant to our results, Rayner and his colleagues used a preview task to investigate the type of information that survives a saccade during reading (Rayner et al., 1980; Rayner, McConkie, & Ehrlich, 1978) . In this task, subjects stare at a centralized fixation point, and then a preview word or letter string is briefly presented to the left or right of fixation. The subject makes a saccade to the preview stimulus, and during the saccade, the preview stimulus is replaced by a word (the "base" word) that the subject then names. When the base word, or a visually similar alternative, is presented as the preview stimulus, naming the base word is faster than when the preview stimulus is a random letter string or an asterisk (Rayner et al., 1978) . Thus, encoding visual information about the preview stimulus can prime naming of the base word.
More important, when the base word is presented as the preview stimulus in the same letter case, subjects do not name the base word faster than when the letter case changes between preview and test. Rayner et al. (1980) found this result when the preview word was presented either to the left or to the right visual field. Although their experiment was not designed to test form-specific priming in the two hemispheres, the results are relevant to our hypothesis that a form-specific system is relatively more effective in the right hemisphere than the left. Considering only those trials in which the preview word was presented 1° from fixation, there were trends for faster naming times when same-case previews were presented to the right hemisphere than to the left, and for faster naming times when different-case previews were presented to the left hemisphere than to the right (see Rayner et al.. 1980, Figure 2) . Although these trends were not directly examined, it is possible that they were not significant because only a relatively small number of subjects were tested.
Given the nature of the preview task, however, the results may not undermine our inferences. In the preview task, the preview (prime) word is presented in the left or right visual field for a brief time (less than the time it takes to make a saccade). In contrast, in the priming task we used, the prime word is presented in the central visual field for several seconds, and the test word stem is presented in the left or right visual field for a brief time. A very brief exposure to a word in the visual periphery might not allow the encoding of enough fine visual detail to encode fully a form-specific representation of the word form. However, it is likely that this type of stimulus presentation could allow the encoding of enough visual detail to partially match an already primed form-specific representation of the word form. This difference in procedure between the two tasks may help to explain why the preview task may not yield data completely consistent with our hypothesis, whereas the priming task we used does yield such data. Another possibility is that the form-specific system could be sensitive to a kind of forward visual masking. In the preview task, processing of the preview word is still taking place when processing of the base word begins. In a system that encodes a large amount of fine visual detail for any input stimulus (such as the form-specific system), processing of the preview word may interfere with processing of a subsequent word. If abstract word form systems are not very sensitive to this kind of interference, because they do not process fine visual detail, it is likely that only an abstract system in each hemisphere may be useful when naming the base word. In addition, a parallel argument could be made about backward masking. Perhaps the base word terminates encoding of the preview word before a form-specific representation can be computed, but not before an abstract representation can be computed.
The finding that separate word form systems underlie priming illuminates a major issue concerning priming. Word-stem completion priming is generally short-lived. Priming effects have been found to disappear in a matter of minutes or hours (Graf & Mandler, 1984; Shimamura & Squire, 1984; Squire, Shimamura, & Graf, 1987) . This time course makes sense if priming effects are mediated in large part by a form-specific system. Such a word form system presumably encodes relatively fine distinctions between different input patterns and would require a large amount of representational capacity to encode a single input pattern. A system with this characteristic might be limited in the number of input patterns that could be encoded at one time, and interference from subsequent inputs could be expected to disrupt representations of specific word forms. Accordingly, only a limited number of different representations could be held in such a system at any one time without new representations adversely affecting the storage of old ones. Thus, priming supported by the form-specific system should be strongly evident when a relatively small stimulus set is used and when the interval between initial exposure and test is short.
This article illustrates the advantages of combining hypotheses derived from computational reasoning with cognitive and neuropsychological approaches. We have used hemispheric dissociations between two types of memories to infer the existence of a distinct system that encodes form-specific representations of words. If this system proves to have much broader functions, as seems likely, then understanding it in more detail will place strong constraints on theories of visual information processing and memory.
